Abstract Background: Self-efficacy (SE) is commonly believed to be associated with nursing knowledge and is thought to be improved with manikin-based human patient simulation (HPS) training. Yet there is little evidence of a relationship between SE and knowledge. Methods: Using a 2-group (HPS and control) experimental design, we examined the relationship of knowledge and SE and the predictors of knowledge scores in 161 students (age 25.7 AE 6.6; 89% female) from 4 prelicensure cohorts at three nursing schools. Knowledge and SE assessments were given at two testing points: Baseline and after HPS. Statistical analyses consisted of Pearson's correlations, analysis of variance, and multivariate logistic regression with the covariates of group (HPS or control), gender, ethnicity, SE and knowledge at baseline, school, and number of prior HPS exposure(s). Results: Significant score increases in SE and knowledge were seen between the testing points for the experimental group (had HPS), but not the control group (no HPS) and differences were found between the groups for both variables (p < .01 for each). However, there was no correlation between SE and knowledge. Additionally, a logistic regression for ''high'' SE scores revealed baseline SE (p .01) and HPS participation (p ¼ .002) as the only predictors of higher SE scores. Furthermore, SE was not a predictor of ''good'' knowledge scores. Conclusion: This study demonstrated SE and knowledge gains in subjects who participated in HPS; however, there was no correlation between SE and knowledge nor was SE a predictor of ''good'' knowledge scores. Although educators strive to develop SE in their students, the limitations of SE's impact on outcome measures such as knowledge needs to be established.
component of his more general theory, social cognitive theory. SE theory maintains that the processes of change occur through a person's sense of SE or personal mastery of a task. This includes a person's beliefs in their capability to mobilize a course of action necessary to complete a task despite changing circumstances (Kisiel, 2006) . SE is commonly believed to be associated with nursing knowledge and is thought to be improved with manikin-based human patient simulation (HPS) training. However, there is little evidence of a relationship between SE and knowledge. Although there are many publications reporting improvements in SE after HPS, this study seeks to quantify its value in relation to HPS knowledge gains.
Literature Review SE
A meta-analysis done by Bandura and Locke (2003) of SE research has shown that efficacy beliefs contribute significantly to the level of motivation and performance of a person in areas other than nursing. These studies have shown that belief of one's SE can predict one's functioning at different levels of efficacy over time and even variation within the same individual depending on the tasks performed. When predicting behavior, measures of SE have been found to be superior to evaluation of past performance, however these have not been tested in nursing (Scott and & MacInnes, 2006) , nor have they been correlated with knowledge.
SE and HPS
HPS is popular in nursing education as a method of training safe, competent practitioners. However, educators in the literature have used SE as a barometer of success after HPS (Bambini, Washburn, & Perkins, 2009; Brown, 2008; Cardoza & Hood, 2012; Kameg, Howard, Clochesy, Mitchell, & Suresky, 2010; Lauder et al., 2008; Leigh, 2008b; Ravert, 2004; Tuttle, 2009) . This is owing to the belief that students need confidence to be successful in healthcare and that SE correlates strongly with knowledge (Lauder et al., 2008; Lundberg, 2008; Pike & O'Donnell, 2010) . Nonetheless, there is no evidence that SE is associated with knowledge in healthcare.
HPS and Knowledge
Although some investigators have reported knowledge gains using HPS (Alinier, Hunt, Gordon, & Colin, 2006; Brannan, White, & Bezanson, 2008; Jeffries & Rizzolo, 2006; Kardong-Edgren, Lundstrom, & Bendel, 2009; Linden, 2008; Ravert, 2004; Shinnick, Woo, Horwich, & Steadman, 2011; Shinnick & Woo, 2012) , there continues to be a preponderance of published studies touting the benefits of HPS based solely on gains in student confidence or SE (Bearnson & Wiker, 2005; Bremner, Aduddell, Bennett, & VanGeest, 2006; Brown & Chronister, 2009; Feingold, Calaluce, & Kallen, 2004; Gordon & Buckley, 2009; Jarzemsky & McGrath, 2008; Kameg et al., 2010; Leigh, 2008a; Nishisaki, Keren, & Nadharni, 2007; Pike & O'Donnell, 2010; Reznek et al., 2003; Sherman, 2002; Smith, 2008; Taekman, Hobbs, & Wright, 2007; Tuttle, 2009) . However, the relationships between SE and knowledge and HPS are unclear.
Heart failure (HF) is the most common hospital discharge diagnosis in persons >65 years old (Miller & Missov, 2001; Sturm, van Gilst, Swedberg, Hobbs, & Haaijer-Ruskamp, 2005) . Therefore, improving both knowledge and SE in HF are important in the training of healthcare providers. However, there is little information on the relationship of HPS with HF knowledge and SE in the training of healthcare providers.
There is a paucity of evidence in the literature correlating SE with knowledge or identifying the value of SE as a predictor of knowledge in HF in healthcare trainees, particularly in relationship to HPS. Therefore, the specific aims of this study were to (1) determine whether SE in areas of HF management (as measured by the SE for nursing skills evaluation tool) is correlated to knowledge scores (as measured by the HF clinical knowledge questionnaire) in prelicensure nursing students with and without an HPS experience, (2) identify if SE is a predictor of ''good'' HF knowledge scores (!75% on the HF clinical knowledge questionnaire), and (3) determine the predictors of ''high'' HF SE (scores ! 3 [''moderately confident'']) as measured on by the SE for nursing skills evaluation tool.
Methods Study Design and Sample
The study used a 2-group, randomized, pretesteposttest, clinical trial design. The groups consisted of the experimental subjects (who were randomized to 1 of 3 parallel HF scenarios in HPS) and controls (who did not participate in HPS). Both groups were measured at baseline (pretest) and posttest (for the experimental group, after HPS; for the controls, at the same amount of time as the post-HPS testing period for the experimental subjects; Figure 1 ).
Key Points
Self-efficacy is the belief a person can accomplish an action. Self-efficacy is commonly used to measure the success of HPS.
No evidence of a relationship between self-efficacy and knowledge. A convenience sample of 4 cohorts of prelicensure nursing students (n ¼ 161) were recruited from three baccalaureate schools of nursing at the same point in their prelicensure nursing curriculum. All schools used the same simulation equipment (Sim ManÒ Laerdal Medical Corp., Wappinger Fall's, NY) and institutional review board approval was obtained from all three schools before data collection and recruitment for the study. Power analyses indicated that a sample size of 82 subjects would allow detection of moderate (0.3) effect sizes on an a priori Pearson's correlation with a power of 0.80 (Faul, Erdfelder, Lang, & Buchner, 2007) .
Inclusion criteria were undergraduate nursing students in the same course at each school who had successfully completed instruction in the care of the decompensated HF patient. Although course objectives were reviewed by the researcher, the HF lectures at each school were not controlled and no lecture faculty were involved in this study. The length and content were left to the discretion of the usual course faculty. This point in the prelicensure curriculum is the standard equivalent of a medical surgical course, level III, taken in many schools the final year of a baccalaureate nursing program. Exclusion criteria were students who either had HF or had family members with HF.
HPS Scenario Intervention
Three parallel simulation scenarios of clinical cases of acute decompensated HF were used in this study and followed by debriefing (Shinnick et al., 2011) . The scenarios (hands-on component) were identical to each other in design with the exception of the patient history and gender and were designed to last 12 minutes. Parallel simulations were necessary to decrease cross-talk between participants and prevent scenario predictability among students. The design of the scenarios was to elicit basic nursing responses such as elevating the head of the bed for a dyspneic patient, applying a pulse oximeter and appropriate oxygen, identifying pulmonary edema on physical examination, choosing the priority medication from multiple physician orders (intravenous furosemide), and monitoring appropriate electrolytes in a patient receiving a diuretic. Research faculty running the simulations were master's-prepared nursing educators with an average of 10 years teaching experience. The debriefer was a PhD faculty with >20 years of teaching experience. All involved faculty had formal training in simulation and debriefing with !3 years simulation experience.
After a pre-brief at the bedside in which subjects were oriented and ensured of a safe environment, both groups rotated together through the assessments (and HPS if they were in the experimental group) in cadres of five. The hands-on HPS component was done with students individually and there were no confederates. Students were not allowed to ask questions during the simulation. Nonscripted, reflective style debriefing as a group followed upon completion of the last member of the cadre (fifth HPS event of the group) and lasted approximately 20 minutes. There was no individual feedback given, although errors and critical elements were discussed. One trained and blinded debriefer (faculty) facilitated debriefings at all of the sites.
Data Collection Instruments
SE SE in the management of HF was evaluated by a modified version of a tool developed by Ravert (2004) , in which only pertinent questions were edited and used for this study. The resultant SE for nursing skills evaluation tool was a paperpencil assessment of 3-items on a Likert-scale (from 1 [not at all confident] to 5 [extremely confident]), which measured responses to confidence in performing specific skills associated with those needed in acute HF: SE in the ''management of HF,'' ''prioritizing physician orders,'' and ''managing a patient's fluid levels'' (Table 1) . Reliability results from this study reveal a Cronbach's alpha of .952, .953, and .953, respectively. In the analyses, posttest SE was used both as a continuous and categorical variable. Posttest SE in the ''management of HF'' as a bivariate was categorized as ''high'' or ''low,'' with ''high'' scores being those !3 (''moderately confident'').
Knowledge
Three parallel HF clinical knowledge questionnaires were developed by the investigator based on national guidelines for HF management (Jessup et al., 2009) . Each version of the HF clinical knowledge questionnaire was different but considered parallel (questions with the same intent) to the others. Each questionnaire consisted of 12 items with a maximum possible score of 12 points. The questions did not mention HF by name, so the participant was blinded to the topic of the simulation. However, questions were included that focused on desired nursing interventions for common issues associated with HF, such as elevating the head of the bed and administering oxygen. Both pretests and posttests were monitored by a trained research assistant. Scoring of the HF clinical knowledge tests was via Scantron, an automated grading device. In the analyses, posttest knowledge was used both as a bivariate and continuous variable. Posttest knowledge of HF was categorized as ''good'' or ''poor,'' with ''good'' scores being those !9 points correct (75%) per faculty consensus.
Validation of Instruments
Validation of SE and HF knowledge questionnaires were done by three experts in HF management (1 cardiologist from a world-renowned HF clinic and 2 doctorally prepared nurses with HF expertise; none were co-investigators on this study). These experts in HF reviewed and provided content validity for both the knowledge and SE assessments with 100% agreement among the three experts.
Demographic Questionnaire A demographic questionnaire was given to each subject and included the participant's age, gender, ethnicity, school Table 1 Self-efficacy for Nursing Skills Evaluation INSTRUCTIONS: Individuals do many different things to help themselves perform well in different situations. We are interested in how confident (how comfortable you feel) you are in performing each of the following skills. For example, for the skill, ''assessing pulses,'' a person might rank their confidence as ''very confident'' (scale D ¼ 4), if they had been taking pulses as a volunteer in a health clinic for 6 months.
We are interested in your first reaction: Do not spend a lot of time thinking about how well you do the skilldjust how confident you are that you can do it. Answers are to be placed on the Scantron. 
Data Collection Procedures
Two sequential full days were scheduled for data collection at each site within 3 weeks of their HF lecture. Groups were randomized to either experimental or control by coin flip. Experimental subjects were further randomized via a random numbers table to one of the three parallel HF simulations. The study sequence for the experimental group was to take the SE in HF tool and the HF clinical knowledge questionnaire before HPS (pretest) and a SE in HF tool and a parallel version of the HF clinical knowledge questionnaire after HPS (posttest; Figure 1 ). The study sequence for the control group was to take the SE in HF tool and the HF clinical knowledge questionnaire at baseline. Without participating in HPS or debriefing, they took a parallel version of the HF clinical knowledge questionnaire and the SE tool at a time point congruent to the hands-on component of HPS (posttest; 50 minutes after pretest). A trained research assistant administered all of the assessments, but the researcher was responsible for all scoring and data entry. A 2-GB flash drive was given as a thank you gift to all subjects (Figure 1 ).
Statistical Analyses
Statistical analyses were done using SPSS version 20 software (IBM, Chicago, IL) (SPSS Statistics 20, 2011). Pearson's correlation was used to determine the relationship between the three SE variables and HF knowledge. T-tests were performed to determine changes between the pretest and posttest scores and to compare groups over time. Logistic regression was used to determine the predictors of SE in the ''management of HF'' and HF knowledge. Covariates for logistic regression analysis were selected from demographic and educational variables which were found to be significantly related to SE or knowledge on a bivariate analysis at p < .05.
Results
The variables were examined for accuracy by reviewing data entry responses, fit between their distributions and assumptions examining histograms, normal probability plots of residuals and scatter diagrams of residuals versus predicted residuals. Data distribution was normal and no violations of normality, linearity, or homoscedasticity of residuals were detected. In addition, box plots revealed no evidence of outliers. There were 161 ethnically diverse students in three cohorts of generic baccalaureate and 1 cohort of master's entry nursing students who completed all components of the study. Subjects were predominately female (88.2%) with a mean age of 25.7 years. Despite coin flip randomization, the experimental and control groups were unequal in size (89 and 72, respectively); however, there were no differences between the groups at baseline (pretest) for HF knowledge, SE, or other key characteristics.
SE and Knowledge Changes within Each Group
Changes between testing points in each group for SE and knowledge were examined using t-tests. Significant score increases were seen between the pretest and posttest SE and knowledge scores for the experimental group (HPS) but in the control group (no HPS), significant differences were seen in knowledge (score decrease) and one SE variable, ''management of the HF patient'' (score increase; Table 2 ).
SE and Knowledge Differences between Groups
Using repeated measures analysis of variance, differences between groups were examined between the pretest and posttest. The experimental and control groups were equivalent at baseline (pretest) for both SE and knowledge, although significantly greater increases were seen in the experimental group at posttest in the areas of Knowledge (p < 0.01), SE ''prioritizing physician orders'' (p ¼ 0.01), and SE ''management of the HF patient'' (p < 0.01) ( Table 2) . (Table 3) . Effect sizes for each testing point for Pearson's correlation ranged from 0.14 to 0.32 (small to medium effect sizes).
Predictors of Knowledge and SE
To determine whether SE ''in the management of HF'' was a predictor for posttest knowledge, logistic regression was performed with HF knowledge as the dependent variable. The categorized version of the variable knowledge (''good'' or ''bad'') was used. The covariates included in the model were demographic and study variables with a p < .05 on bivariate analyses for HF test scores as well as pretest SE (Table 4 ). The resulting 6 covariates entered into the forward, stepwise logistic regression analysis for predictors of posttest HF knowledge were group (HPS/experimental or no HPS/control), gender, ethnicity, SE ''in the management of HF'' at baseline, school, and knowledge at baseline (pretest). Results revealed group (experimental/participants in HPS) and knowledge at baseline as the only independent predictors for ''good'' knowledge (Table 5) . A second forward, stepwise logistic regression was done in the interest of determining the predictors of higher posttest SE ''in the management of HF'' scores. The categorized version of the variable posttest SE ''in the management of HF'' (''high'' scores being those !3) was used. After bivariate analysis, the 6 covariates entered into the analyses were group (experimental or control), gender, number of prior HPS exposures, ethnicity, SE ''in the management of HF'' at baseline, and school. The only significant, independent predictors of ''high'' posttest SE ''in the management of HF'' were group (experimental) and SE at baseline (Table 6 ).
Discussion
Results of this study are congruent with the findings of others such that prelicensure nursing students gain confidence (SE) and knowledge with an HPS experience (Alinier et al., 2006; Brannan et al., 2008; Jeffries & Rizzolo, 2006; Kardong-Edgren et al., 2009; Linden, 2008; Ravert, 2004; Shinnick et al., 2011; Shinnick & Woo, 2012) . However, a significant correlation between SE and knowledge was not found. Unfortunately, SE has been viewed as an important barometer of HPS success, because it is believed to be related to knowledge. Although educators should strive to develop SE in their students, the limitations of its relationship to knowledge (there does not seem to be any) needs to be acknowledged. Additionally, SE was not found to be a predictor of ''good'' HF knowledge on a logistic regression analysis. Participating in HPS (experimental group) and HF knowledge at baseline are the only predictors of this desired knowledge outcome. Although this is good news for HPS as a teaching methodology, it is not encouraging news for use of SE as an indicator of nursing student knowledge. SE does not seem to be an acceptable surrogate measure for knowledge and thus should not be used as the sole or major outcome variable to assess understanding of concepts in nursing students. Additionally, as the predictors of ''high'' SE were only group membership (experimental group) and SE at baseline, the value of SE assessment in HPS is further diminished. Clearly, ''high'' SE after HPS seems more related to one's pre-HPS level of SE rather than as a result of knowledge gains.
One explanation for these outcomes may be related to the instrument used to measure SE. The SE for nursing skills evaluation tool may not have been sensitive or detailed enough to best reveal a subject's SE in the area of managing a HF patient, as care for this type of situation requires multiple interventions. Although SE is a complex phenomenon, it is subjective and thus more items on the SE instrument would not necessarily change the subject's response. Although others have used multiple item SE assessments in HPS (Jarzemsky & McGrath, 2008; Jeffries & Rizzolo, 2006; Lauder et al., 2008; McCausland, Curran, & Cataldi, 2004; Ravert, 2004) , they typically are inquiring about a subject's SE in multiple topic areas.
Another reason for this outcome is the idealistic view of skill ability in these prelicensure nursing students. Interestingly, on the SE instrument's 5-point Likert scale (1 [not at all confident] to 5 [extremely confident]), subjects with a SE score of 3 or 4 scored highest on posttest HF knowledge, whereas those with SE scores of 1, 2, or 5 had lower HF knowledge scores. Although skill level was not measured in this study, there is a possibility that BOTH students who were very hesitant about their HF skills and those who were overconfident regarding their HF abilities could enter the clinical setting lacking the knowledge needed to care for this type of patient. Therefore, although the optimal target for SE may be a 3 or 4 (moderate SE level), it is hoped HPS (through simulated clinical performance and debriefing) provides prelicensure nursing students with a more realistic appraisal of what caring for a HF patient is actually like, as well as their own ability.
Educators have placed significant importance on student SE after HPS without identifying its value as related to critical characteristics such as knowledge and skills (Bambini et al., 2009; Brown, 2008; Cardoza & Hood, 2012; Kameg et al., 2010; Lauder et al., 2008; Leigh, 2008a; Ravert, 2004; Tuttle, 2009 ). This study, using a 2-group, randomized, clinical trial design, has shown SE to have no relationship to HF knowledge; nor is it a predictor for ''good'' HF knowledge scores. Although some level of confidence in nursing students is desired, the value of high SE is questionable. Therefore, educators should be cautious in applying such great importance to a student's SE (Lundberg, 2008) and spend more effort on measuring outcomes that affect patient safety, such as knowledge and skill level. Further research is needed to determine whether a relationship exists between SE and skill level such that clinical implications can be drawn and the clinical value of SE determined.
Study Limitations
Although efforts were made to minimize study limitations, some were unavoidable. At each study site, different resident faculty gave their usual cardiac lecture, which included HF. Although a limitation, the lecturers did not know the content of the HPS. In addition, the emphasis on HF may have varied from school to school, because it was part of a larger, cardiac topic lecture. Subjects at one of the sites had experienced HPS before, but not on the topic of HF. However, the randomization of subjects and their equivalency at baseline/pretest for this study support the contention that variations in school, teaching, or content regarding HF was not a significant factor for HF knowledge in this project. Students may have had different and unequal clinical experiences in HF before the study. Attempts were made to control this by randomization to group assignment and scheduling the study within 2 weeks of the HF lecture at each site. Additionally, groups were equivalent at baseline. Contamination of the study content may have occurred with students discussing the simulation experience among themselves (cross-talk) despite confidentiality agreements. This was apparent only at the end of the last study day at 1 site with 2 subjects. There was no difference in results when the 2 subjects were removed from the sample in a preliminary analysis and, because contamination was not confirmed, they were included in the final analysis.
Previous simulation experiences differed slightly between the groups as 1 of the 4 study cohorts had experienced simulation in other courses. This cohort seemed more comfortable in the simulation and did not need as much cuing as the others, although they did not score the highest on the knowledge scores. All students were oriented to the HPS manikin and the environment before the simulation to decrease the effect of this limitation.
In conclusion, although both SE and knowledge increased after HPS, there was no relationship between SE and HF knowledge. Furthermore, although HPS participation was a predictor of both higher SE and knowledge, SE did not predict knowledge. Further studies in other nursing groups and with other diagnoses are needed to substantiate these results.
